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n Cotranslational biogenesis of NF-κkB p50 by the 26S
proteasome. Li Lin, George N DeMartino and Warner
C Greene (1998). Cell 92, 819–828.
The NFKB1 gene encodes two functionally distinct proteins,
p50 and p105. p50 corresponds to the N terminus of p105 and
with p65 (RelA) forms the prototypical NF-κB transcription
factor complex. In contrast, p105 functions as a Rel-specific
inhibitor (IΚB) and has been proposed to be the precursor of
p50. Our studies now demonstrate that p50 is generated by a
unique cotranslational processing event involving the 26S
proteasome, whereas cotranslational folding of sequences near
the C terminus of p50 abrogates proteasome processing and
leads to p105 production. These results indicate that p105 is
not the precursor of p50 and reveal a novel mechanism of gene
regulation that ensures the balanced production and
independent function of the p50 and p105 proteins.
20 March 1998. Cell.
n Crystal structure of the thermosome, the archaeal
chaperonin and homolog of CCT. L Ditzel, J Lowe,
D Stock, KO Stetter, H Huber, R Huber, and
S Steinbacher (1998). Cell 93, 125–138.
The authors have determined to 2.6 Å resolution the crystal
structure of the thermosome, the archaeal group II chaperonin
from T. acidophilum. The hexadecameric homolog of the
eukaryotic chaperonin CCT/TRiC shows an (αβ)4(αβ)4
subunit assembly. Domain folds are homologous to GroEL,
but form a novel type of inter-ring contact. The domain
arrangement resembles the GroEL–GroES cis-ring. Parts of the
apical domains form a lid creating a closed conformation. The
lid substitutes for a GroES-like co-chaperonin that is absent in
the CCT/TRiC system. The central cavity has a polar surface
implicated in protein folding. Binding of the transition state
analog Ms-ADP-AIF(3) suggests that the closed conformation
corresponds to the ATP form.
3 April 1998. Cell.
n Limited proteolysis as a probe for arrested
conformational maturation of δdF508 CFTR. Fred Zhang,
Norbert Kartner and Gergely L Lukacs (1998). Nat. Struct.
Biol. 5, 180–183.
Deletion of phenylalanine 508 (δF508) in the cystic fibrosis
transmembrane-conductance regulator (CFTR) prevents the
otherwise functional protein from reaching the plasma
membrane and is the leading cause of cystic fibrosis. Indirect
evidence suggests that the mutant protein, δF508 CFTR, is
misfolded. This issue is addressed directly using comparative
limited proteolysis of CFTR during biosynthesis and at steady
state in the native microsomal environment. Distinct protease
susceptibilities suggest that cytosolic domain conformations of
wild-type and δF508 CFTR differ, not only near F508, but
globally. δF508 CFTR proteolytic cleavage patterns were also
indistinguishable from those of the early folding intermediate
of wild-type CFTR. The results suggest that the δF508
mutation causes the accumulation of a form of the protein that
resembles an intermediate in the biogenesis of the wild-type
CFTR, rather than induces the production of non-native variant.
March 1998. Nature Structural Biology.
n A distinct 14 residue site triggers coiled-coil formation
in cortexillin I. MO Steinmetz, A Stock, T Schulthess,
R Landwehr, A Lustig, J Faix, G Gerisch, U Aebi and
RA Kammerer (1998). EMBO J. 17, 1883–1891.
The assembly of the Dictyostelium discoideum cortexillin I
oligomerization domain (Ir) into a tightly packed, two-stranded,
parallel coiled-coil structure is studied using a variety of
recombinant polypeptide chain fragments. Deletion mapping
identified a 14-residue site within the Ir coiled coil, Arg311–
Asp324, which was absolutely necessary for dimer formation,
indicating that heptad repeats alone are not sufficient for stable
coiled-coil formation. Deletion of the six N-terminal heptad
repeats of Ir also led to the formation of a four-helix rather than
a two-helix structure, suggesting that the full-length
cortexillin I coiled-coil domain behaves as a cooperative folding
unit. A 16-residue peptide containing the distinct coiled-coil
‘trigger’ site gave ~30% helix formation as monomer in aqueous
solution. Thus, Arg311–Asp324 behaves as an autonomous
helical folding unit of coiled-coil formation of cortexillin I.
1 April 1998. The EMBO Journal.
n Discovery of a novel ferredoxin from Azotobacter
vinelandii containing two [4Fe-4S] clusters with widely
differing and very negative reduction potentials.
H Samantha Gao-Sheridan, Harsh R Pershad, Fraser
A Armstrong and BK Burgess (1998). J. Biol. Chem. 273,
5514–5519.
Ferredoxins that contain 2[4Fe–4S]2+/+ clusters can be divided
into two classes. The ‘clostridial-type’ ferredoxins have two
Cys–X–X–Cys–X–X–Cys–X–X–X–Cys–Pro motifs. The
‘chromatium-type’ ferredoxins have one motif of that type and
one more unusual Cys–X–X–Cys–X7–9–Cys–X–X–X–Cys–Pro
motif. Here we report the purification of a novel ferredoxin
(FdIII) from Azotobacter vinelandii. Studies of the purified
protein by matrix-assisted laser desorption ionization-time of
flight mass spectroscopy, iron analysis, absorption, circular
dichroism, and electron paramagnetic resonance spectroscopies
show that FdIII contains 2[4Fe–4S]2+/+ clusters in a 9,220 Da
polypeptide. All 2[4Fe–4S]2+/+ ferredoxins that have been
studied to date are reported to have extremely similar or
identical reduction potentials for the two clusters. In contrast,
electrochemical characterization of FdIII clearly establishes
that the two [4Fe–4S]2+/+ clusters have very different and
highly negative reduction potentials of –486 mV and –644 mV.
6 March 1998. Journal of Biological Chemistry.
n Unfolding mechanism of rubredoxin from Pyrococcus
furiosus. Silvia Cavagnero, Zhi H Zhou, Michael W Adams
and Sunney I Chan (1998). Biochemistry 37, 3377–3385.
As part of our studies on the structural and dynamic properties
of hyperthermostable proteins, we have investigated the
unfolding pathways of the small iron–sulfur protein rubredoxin
from Pyrococcus furiosus (RdPf) at pH 2. Unfolding has been
initiated by temperature jump, The process has been followed
in real time by absorption, tryptophan fluorescence emission,
and far-UV circular dichroism. RdPf displays a complex
unfolding kinetics, pointing to the formation of at least three
intermediates. All the steps, including the one involving
metal-ion release, are extremely slow. Hydrophobic core
relaxation —not Fe3+ loss — is rate determining for RdPf
unfolding. According to a proposed sequential mechanism,
partial release of secondary structure elements precedes iron
loss, which is then followed by further loss of β-sheet content
and, finally, by hydrophobic relaxation. Although the main
features of the RdPf unfolding mechanism remain
substantially unchanged over the experimentally accessible
temperature range, final hydrophobic relaxation gets faster,
relative to the other events, as the temperature is decreased.
10 March 1998. Biochemistry.
n Engineering an anion-binding cavity in
antichymotrypsin modulates the “spring-loaded”
serpin-protease interaction. Christine M Lukacs, Harvey
Rubin and David W Christianson (1998). Biochemistry 37,
3297–3304.
When expressed in a kinetically trapped folding state, a serpin
couples the thermodynamic driving force of a massive β-sheet
rearrangement to the inhibition of a target protease. Hence,
the serpin–protease interaction is the first example of a ‘spring-
loaded’ protein–protein interaction. Amino acid substitutions
in the hinge region of a serpin reactive loop can weaken the
molecular spring, which converts the serpin from an inhibitor
into a substrate. To probe the molecular basis of this
conversion, the authors report the crystal structure of
Ala349→Arg antichymotrypsin in the reactive loop cleaved
state at 2.1 Å resolution. This amino acid substitution does not
block the β-sheet rearrangement despite the burial of Arg349
in the hydrophobic core of the cleaved serpin along with a salt-
linked acetate ion. The inhibitory activity of this serpin variant
is not obliterated; remarkably, its inhibitory properties are
anion-dependent as a result of the creation of an anion-binding
cavity in the cleaved serpin.
10 March 1998. Biochemistry.
n Computational learning reveals coiled coil-like motifs in
histidine kinase linker domains. Mona Singh, Bonnie
Berger, Peter S Kim, James M Berger and Andrea G
Cochran (1998) Proc. Natl Acad. Sci. USA 95, 2738–2743.
The recent rapid growth of protein sequence databases is
outpacing the capacity of researchers to biochemically and
structurally characterize new proteins. Accordingly, new
methods for recognition of motifs and homologies in protein
primary sequences may be useful in determining how these
proteins might function. The authors have applied such a
method, an iterative learning algorithm, to analyze possible
coiled-coil domains in histidine kinase receptors. The learning
algorithm uses a combination of established sequence patterns
in known coiled-coil proteins and histidine kinase sequence
data to learn to recognize efficiently this coiled-coil-like motif
in the histidine kinases.
17 March 1998. Proceedings of the National Academy of
Sciences USA.
n Control of protein splicing by intein fragment
reassembly. Maurice W Southworth, Eric Adam, Daniel
Panne, Robyn Byer, Roger Kautz and Francine B Perler
(1998). EMBO J. 17, 918–926.
Inteins are protein splicing elements that mediate their
excision from precursor proteins and the joining of the flanking
protein sequences (exteins). In this study, protein splicing was
controlled by splitting precursor proteins within the Psp Pol-1
intein and expressing the resultant fragments in separate hosts.
Reconstitution of an active intein was achieved by in vitro
assembly of precursor fragments. Complementary fragments
from two of the three fragmentation positions tested were able
to splice in vitro. In vitro splicing of intein fragments under
native conditions was achieved using mini exteins. Trans-
splicing allows differential modification of defined regions of a
protein prior to extein ligation, generating partially labelled
proteins for NMR analysis or enabling the study of the effects
of any type of protein modification on a limited region of a
protein.
16 February 1998. The EMBO Journal.
n Conservation of rapid two-state folding in mesophilic,
thermophilic and hyperthermophilic cold shock proteins.
Dieter Perl, Christine Welker, Thomas Schindler, Katja
Schroder, Mohamed A Marahiel, Rainer Jaenicke and
Franz X Schmid (1998). Nat. Struct. Biol. 5, 229–235.
The cold shock protein CspB from Bacillus subtilis is only
marginally stable, but it folds extremely fast in a simple
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N U two-state reaction. The corresponding cold shock
proteins show strongly increased conformational stabilities, but
unchanged very fast two-state refolding kinetics. Thus, the
absence of intermediates in the folding of B. subtilis CspB is
not a corollary of its low stability. There is no link between the
stability and the folding rate.
March 1998. Nature Structural Biology.
n Topology, sequence evolution and folding dynamics of
an immunoglobulin domain. MJ Parker, CE Dempsey,
LLP Hosszu, JP Waltho and AR Clarke (1998). Nat. Struct.
Biol. 5, 194–198.
The pH-dependence of hydrogen-exchange in native
conditions is used to probe the formation of secondary
structure in the folding of an immunoglobulin domain
(CD2.d1). The intermediate and transition states in the
reaction are insensitive to pH, a simplification that allows us to
equate structure formation and folding kinetics. The crucial
residues in the folding reaction are grouped in the B, C, E and
F strands, which constitute a ‘crossover’ nucleus in the
β sandwich. These residues show the highest sequence
conservation within the family of folds to which this domain
belongs and are located in a unit of structure that is the most
consistent topological feature of the immunoglobulin family.
March 1998. Nature Structural Biology.
n Folding intermediates of wild-type and mutants of
barnase. I. Use of φf-value analysis and m-values to
probe the cooperative nature of the folding
pre-equilibrium. Paul A Dalby, Mikael Oliveberg and Alan
R Fersht (1998). J. Mol. Biol. 276, 625–646.
It is difficult to determine whether transient folding
intermediates have a cooperative (or first-order) folding
transition without measuring their rates of formation directly.
The authors have not been able to monitor the rate of
formation of the folding intermediate of barnase directly, but
have analysed its reactivity and the equilibrium constant for its
formation over a combination of wide ranges of temperature,
concentration of denaturant and structural variation. The
folding intermediate of barnase is a relatively discrete and
compact entity, which is formed cooperatively.
27 February 1998. Journal of Molecular Biology.
n Pathways for protein folding: is a new view needed?
Vijay S Pande, Alexander Yu Grosberg, Toyoichi Tanaka
and Daniel S Rokhsar (1998). Curr. Opin. Struct. Biol. 8,
68–79.
Theoretical studies using simplified models of proteins have
shed light on the general heteropolymeric aspects of the
folding problem. Recent work has emphasized the statistical
aspects of folding pathways. In particular, progress has been
made in characterizing the ensemble of transition state
conformations and elucidating the role of intermediates. These
advances suggest a reconciliation between the new ensemble
approaches and the classical view of a folding pathway.
February 1998. Current Opinion in Structural Biology.
n Kinetic intermediates trapped by native interactions in
RNA folding. Daniel K Treiber, Martha S Rook, Patrick
P Zarrinkar and James R Williamson (1998). Science 279,
1943–1946.
In the folding of the Tetrahymena ribozyme, a kinetic
intermediate accumulates in which the P4–P6 domain is
formed, but the P3–P7 domain is not. The kinetic barriers to
P3–P7 formation were investigated with the use of in vitro
selection to identify mutant RNA molecules in which the
folding rate of the P3–P7 domain was increased. The critical
mutations disrupt native tertiary interactions within the P4–P6
domain and increase the rate of P3–P7 formation by
destabilizing a kinetically trapped intermediate. Hence,
kinetic traps stabilized by native interactions, and not simply
by mispaired nonnative structures, can present a substantial
barrier to RNA folding.
20 March 1998. Science.
n An example of a protein ligand found by database
mining: description of the docking method and its
verification by a 2.3 Å X-ray structure of a
thrombin-ligand complex. P Burkhard, P Taylor and
MD Walkinshaw (1998). J. Mol. Biol. 277, 449-466.
A computer program (SANDOCK) has been developed for the
automated docking of small ligands to a target protein. It uses a
guided matching algorithm to fit ligand atoms into the protein-
binding pocket. The protein is described by a modified
Lee–Richard’s dotted surface with each dot coded by chemical
property and accessibility. Orientations of the ligand in the
active site are generated such that a chemical and a shape
complementary between the ligand and the active site cavity
have to be fulfilled. The generated fits are evaluated with
scoring functions, which account for van der Waals,
hydrophobic and hydrogen bonding interactions. This newly
developed docking program can efficiently screen very large
databases in a reasonable time and has been used to
successfully identify novel ligands. The X-ray structure of a
thrombin–ligand complex predicted by SANDOCK is described.
The ligand binds to thrombin with a Kd of 65 µM and has a
root mean square deviation of 0.7 Å for all ligand atoms from
the predicted binding mode by SANDOCK.
27 March 1998. Journal of Molecular Biology.
n Improved protein free energy calculation by more
accurate treatment of nonbonded energy: application to
chymotrypsin inhibitor 2, V57A. Yuji Sugita and Akio
Kitao (1998). Proteins 30, 388–400.
The authors developed a software package for improved free
energy calculations in which a spherical solvent boundary
potential, the cell multipole method, and the Nose–Hoover
equation are employed. The performance of the developed
software package is demonstrated in the case of a Val→Ala
mutation of the 57th residue in chymotrypsin inhibitor 2.
Using this package, the authors obtained results quantitatively
comparable to experimental results. By the free energy
component analysis, it is shown that Leu51, Arg65, Arg67 and
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Phe69 residues contribute significantly to the total free energy
shift, ∆∆G. Of the contributions, that from the hydrophilic
Arg67 residue, which is in close contact with the mutation site,
is the largest. Structure around the mutation site is largely
changed by the mutation. The structure change is caused
mainly by two effects, hydrophobic interactions and short-range
interactions along the sequence. Effects of the Nose–Hoover
algorithm and the Kirkwood reaction field are also discussed.
1 March 1998. Proteins.
n Molecular mechanisms for cooperative folding of
proteins. Ming-Hong Hao and Harold A Scheraga (1998).
J. Mol. Biol. 277, 973–983.
The folding of single-domain globular proteins shows the
character of first-order or two-state thermodynamics. The
origin of such high cooperativity in relatively small polymer
systems is still not well understood. Here, a comparative study
of the conventional cubic-lattice chain model and a fine-
grained more realistic lattice protein model with both
backbone and sidechain interactions is carried out. Even
though both types of models exhibit a cooperative two-state
folding transition to the native structure with optimized force
fields, the character and origin of cooperativity of the two
models are different. In the simple contact-based model, the
free-energy barrier occurs at the low end of the energy scale,
and the cooperativity arises from a concerted formation of
native contacts among many residues in a compact state. In the
other more complicated model, the free-energy barrier occurs
in the intermediate energy region, and the folding
cooperativity arises from collective orientational arrangements
of locally structured units in semi-open conformational states.
On the basis of these results, two limiting molecular
mechanisms for protein folding emerge, which can be used for
analyzing the folding process of real proteins.
10 April 1998. Journal of Molecular Biology.
n An all-atom distance-dependent conditional probability
discriminatory function for protein structure prediction.
Ram Samudrala, John Moult and F Cohen (1998). J. Mol.
Biol. 275, 895–916.
The authors present a formalism to compute the probability of
an amino acid sequence conformation being native-like, given
a set of pairwise atom–atom distances. The formalism is used
to derive three discriminatory functions with different types of
representations for the atom–atom contacts observed in a
database of protein structures. These functions include two
virtual atom representations and one all-heavy atom
representation. When applied to six different decoy sets
containing a range of correct and incorrect conformations of
amino acid sequences, the all-atom distance-dependent
discriminatory function is able to identify correct from
incorrect more often than the discriminatory functions using
approximate representations. The authors illustrate the
importance of using a detailed atomic description for obtaining
the most accurate discrimination, and the necessity for testing
discriminatory functions against a wide variety of decoys. The
discriminatory function is also shown to be capable of
capturing the fine details of atom–atom preferences. These
results suggest that the all-atom distance-dependent
discriminatory function will be useful for protein structure
prediction and model refinement.
6 February 1998. Journal of Molecular Biology.
n A protein engineering analysis of the transition state for
protein folding: simulation in the lattice model.
Alexander M Gutin, Victor I Abkevich and Eugene
I Shakhnovich (1998). Fold. Des. 3, 183–194.
Protein engineering has been used extensively to evaluate the
properties of transition states in protein folding. Although the
method has proved useful, its limitations and the details of
interpretation of the obtained results remain largely
unexplored. Lattice model simulations are used to test and
verify the protein engineering analysis of the transition state in
protein folding. It is shown that in some cases this method is
able to determine the transition state with reasonable accuracy.
Limitations of protein engineering are revealed and analyzed.
In particular, the change in non-native interactions as a result
of mutations is shown to influence the results of the protein
engineering analysis. Furthermore, it is shown that as a general
trend φ values (a measure of the participation of a residue in
the transition state) decrease when the temperature decreases,
a finding consistent with recent experimental results. This
analysis suggests that this trend results primarily from the
formation of some contacts (native and non-native) in the
unfolded state at a lower temperature, when the barrier for
folding is energetic. This analysis helps to interpret the results
of protein engineering and allows observed φ values to be
directly related to structural features of the unfolded state, the
transition state and the native state.
6 April 1998. Folding & Design.
n The hairpin ribozyme: structure, assembly and catalysis
Nils G Walter and John M Burke. Curr. Opin. Chem. Biol.
2, 24–30.
Recent studies of the hairpin ribozyme have revealed a distinct
catalytic mechanism for this small RNA motif. Inner-sphere
coordinated metal ions are not required because the inert
metal-ion complex cobalt hexammine promotes catalysis.
Detailed kinetic analyses have defined rates of individual steps
in the catalytic cycle. Functional group modification, NMR
studies of subdomains and cross-linking experiments, in
combination with computer modeling, have led to a proposal
for domain interactions in the substrate–ribozyme complex.
February 1998. Current Opinion in Chemical Biology.
n RNA folding at millisecond intervals by synchrotron
hydroxyl radical footprinting. B Sclavi, M Sullivan,
MR Chance, M Brenowitz, SA Woodson (1998). Science
279, 1940–1943.
Radiolysis of water with a synchrotron X-ray beam permits the
hydroxyl radical-accessible surface of an RNA to be mapped
with nucleotide resolution in 10 msec. Application of this
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method to folding of the Tetrahymena ribozyme revealed that
the most stable domain of the tertiary structure, P4–P6, formed
cooperatively within 3 s. Exterior helices became protected
from hydroxyl radicals in 10 s, whereas the catalytic centre
required minutes to be completely folded. The results show
that rapid collapse to a partially disordered state is followed by
a slow search for the active structure.
20 March 1998. Science.
n Global flexibility of tertiary structure in RNA: yeast
tRNAPhe as a model system. MW Friederich, E Vacano,
PJ Hagerman (1998). Science 95, 3572–3577.
The study of RNA structure using X-ray crystallography or
NMR has yielded a wealth of detailed structural information,
but such approaches do not generally yield quantitative
information regarding long-range flexibility in solution. To
address this issue, a solution-based method is described that is
capable of characterizing the global flexibilities of non-helix
elements in RNA, provided that such elements are flanked by
helix (e.g. bulges, internal loops, or branches). The ‘phased tau
ratio’ method is based on the principle that, for RNA
molecules possessing two variably phased bends, the relative
birefringence decay times depend on the flexibility of each
bend, not simply the mean bend angles. The method is used
to examine the overall flexibility of the yeast tRNAPhe core (as
unmodified transcript). In the presence of magnesium ions, the
tRNA core is not significantly more flexible than an equivalent
length of RNA helix. In the absence of divalent ions, the
tRNA core gains flexibility under conditions where its
secondary structure is likely to be largely preserved. The
phased tau ratio approach should be broadly applicable to non-
helix elements in both RNA and DNA and to protein–nucleic
acid interactions.
31 March 1998. Science.
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Current articles of interest to
readers of Folding & Design
A selection articles published in other journals from
Current Biology Ltd. Selected by the staff of
Folding & Design.
Nine reviews on aspects of Macromolecular
assemblages in the April issue (No 2) of Current
Opinion in Structural Biology (1998). Edited by Murray
Stewart and John E Johnson.
Eight reviews on aspects of Theory and simulation in
the April issue (No 2) of Current Opinion in Structural
Biology (1998). Edited by Julia M Goodfellow and
Ronald M Levy.
Eight reviews on aspects of Biochemical engineering
in the April issue (No 2) of Current Opinion in
Biotechnology (1998). Edited by Carol A Heath.
How do kinases transfer phosphoryl groups?
[Review]. Allan Matte, Leslie W Tarie and Louis TJ
Delbaere (1998). Structure 6, 413–419.
Morphology of protein–protein interfaces [Research
Article]. Teresa A Larsen, Arthus J Olsen and David
S Goodsell (1998). Structure 6, 421–427.
The structure of the Escherichia coli
phosphotransferase IIAmannitol reveals a novel fold
with two conformations of the active site [Research
Article]. Rob LM van Montfort, Tjaard Pijning, Kor H Kalk,
Ilona Hangyi, Milou LCE Kouwijzer, George T Robillard
and Bauke W Dijkstra (1998). Structure 6, 377–388.
Deconstructing gelsolin: identifying sites that mimic
or alter binding to actin and phosphoinositides
[Minireview]. Paul A Janmey, Thomas P Stossel and
Philip G Allen (1998). Chemistry & Biology 5, R81–R85.
Transforming the cell surface through proteolysis
[Review]. Laura L Kiessling and Eva J Gordon (1998).
Chemistry & Biology 5, R49–R62.
Think globally, (inter)act locally [Dispatch]. Michael
Groß (1998). Current Biology 8, R308–R309.
Protein NMR spectroscopy [Primer]. Mark J Howard
(1998). Current Biology 8, R331–R333.
